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aACXGRCUND OF THE !NVEN710N 

The subject invention is drected generally to 
bcundar/ scan crcjits, and is drectsd .ncre par- 
ticuiarly to a boundar/ scan transmit or drive circuit s 
that indudes a three-stare output buffer. 

Bcundar/ scan testing is csmmonly utifized to 
test &ia interccnnec^ons between digital devices 
that ccmcrisa a system, where the interconnected 
devices can induda integrated drcaits. appiicaoon ro 
spedfic integrated circuits (ASICs), hybrids, and 
circuit boards, for axampie. For boundary scan test 
capability, a device indudes scan drcuits that are 
capable of isoianng device UO pins from the inte- 
rior logic of the device and diredJy accessing such 75 
I/O pins, which ailows spedal interconnection test 
patterns to be applied and obsen/ed 'without inter- 
ference from the interior logic functions, 

Bcundar/ scan test capability is ccmmcniy im- - • 
plemented with boundary scan ceils respectively 20 
asscdated with those I/O pins for whidi boundary 
scan testing capabilit/ is being provided, with each 
boundary scan cell containing a scan flip-flop. The 
scan flip-flops are arranged into a register chain 
that is capable of operation in serial and parallel a 
modes, so that test patterns can be loaded seriaily. 
applied in parallel, and test results can be read cut 
seriaily. 

For testing. scecaJ interconnection test pat- 
terns are serially loaded into scan flip-flops for » 
output pins,. After a test pattern is loaded, the 
output scan ceils containing Ihe test pattern are 
switched to drive their asscdated output pins in 
accordanca with the test pattern. Subsequently, the 
signals obser/ed on input pins are stored in asso- ss 
dated input scan flip-flops. The stored inputs are 
then serially read out to evaluate the test. A further 
test pattern can be seriaily loaded into output scan 
flip-flops while stored inputs are being seriaily read 
out ^ 

Boundary scan test patterns are basically de- 
signed to achieve the following: 

1. To drive each device output to the high state 
and to the low state at different times. Proper 
recaption at the appropriate inputs verifies con- 45 
tinuity. 

2. To drive ezch device output to the state 
opposite Chat of ail other outputs, for both the 
low state and the high state. A short drcjit 
between two or more outputs will be indicated so 
by contention between the shorted drivers. 

The paper "INTcBCONNECT TESTING WITH 
BOUNOAflY SCAN,' Wagner. IEEE Pfcc. 1987 In- 
ternational Test Conference, pages 52-57, gener- 
ally describes the application and implementation ss 
of boundary scan testing, and test patterns that 
allow for efficient bcundar/ scan testing. 

A consideration with known bcundar/ scan dr- 



cuitry is uncariaimy in the interpretancn of test 
nasuits. For exampie. signaRo-signal shorts 
(•bridging") causes contention between drivers, 
and the resulting voltage cannot be predicted. 
Open lines ailow inpus to float thereby causing 
unknown voltages. 

A further consideration with known boundary 
scan drcuitry is p o t en tial damage ttiat can result 
from shorted contentfing drivers that attempt to 
drive each other to the opposite state, which draws 
excessive current and is potentially damaging. 
Contention also occurs if test patterns are incor- 
rectly configured or appfied. 

Another consideration with known boundary 
scan drcuitry is the possible falure to detect mod- 
erate to high resistance shorts, caused for jxample 
by a "whisker* of metal between traces with a 
resistance of hundreds or thousands or ohms. 

SUMMARY OF THE INVENTION 

It would therefore be an advantage to provide 
boundary scan drcjitry that provides unambiguous 
signals on the interconnect inputs. 

A further advantage would be to provide 
boundary scan drcuitry that protects the !/0 dr- 
cuits of the devices whose interconnections are 
being tested. 

Another advantage wuid be to provide bound- 
ary scan test drcuitry that allows for the detection 
of moderate to high resistance shorts. 

The foregoing and other advantages are pro- 
vided by the invention in a scan dnrjit that in- 
cludes (a) a boundary scan transmit cell having a 
three-state output buffer and logic drcuitry for con- 
trolling the enabled or disabled state of the three-'* 
state buffer as a function of a scan input, and (b) a 
boundary scan receive eel! having an input buffer 
and a holding drcjit that ailows the input to be 
driven to a first or second logical state and y^hich 
changes the input of the buffer to a predetermined 
logical state if such input is open or at a high 
impedance. Tne transmit scan eel! indudes a scan 
flip-flop for storing a scan input a three-state buffer 
responsive to a buffer input signal for providing a 
buffered output signal on an assodated output pin 
of the drcuit device in which the cell is imple- 
mented: and control logic responsive to the scan 
flip-flop for selectively enabling or disabling the 
three-state buffer and for providing a test signal or 
a device signal as the input signal to the three- 
state buffer. The receive scan cell includes an input 
buffer, holding drcuitry connected to the input of 
said input buffer allowing the input of the buffer to 
be driven to the first or second logical states and 
for changing the input to the input buffer to a 
predetermined one of the first and second logical 
state if the connection to the input to the input 
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buffer IS an open ccnnecaon or a hign imcedanca 
csnnecacn; and a scan flip-flop for controilatly 
storing the output of th input buffer. 

Purtfier in acccrdanca with ttie 'awention, the 
functions of the transmit and receive cefls can be 
combined in a bidtrectionai scan cefl. 

BRIEr DESCTlPnON OF THE DRAWWGS 

The advantages and features of He disc!osed 
invention wfll readily be appredaied by persons 
skilled in the art from the following detailed de- 
scription when read in conjunction wflh the drawing 
wherein: 

FIG. 1 is a schematic diagram erf a senes of 
scan transmit scan cells in accortiance with the 
invention aranged in a scan chain for driving 
associated device outputs for boundary scan 
testing. 

RG. 2 is a schematic diagram d a series of 
scan receive scan calls arranged in a scan chain 
for monitoring associated device inputs intercon- 
nected to outputs of another device which are 
driven by transmit ceils of FIG. 1. 
RG. 3 is a timing diagram helpful in understand- 
ing the operation of the boundary scan circyrt of 
RG. 1. 

RG. 4 is a schematic diagram <rf a series of 
bidirectional scan ceils that indude precharge 
drcjitr/ in accordance with the invention. 

DETAILED DESCRIPTION OF THE DSCLOSURE 

^ In the fbllowing detailed descriptkai and in the - 
several figures of the drawing. like elements are 
identified with like reference numerals. 

RG. 1 schematically depicts a series of trans- 
mit ceils 10 in accordance with the invention ar- 
ranged in a scan chain, and RG. 2 schematically 
depicts a series of receive cells 20 arranged in a 
register chain which can be utifized to observe and 
store the signals received at associated device 
inputs resulting from interconnect lest patterns 
driven by the transmit cells 10. It should be appre- 
dated that each device in a group of intercon- 
nected devices would have appropriate transmit 
cell register chains assodated with device outputs 
and appropriate receive ceil register chains asso- 
ciated with device inputs. For boundary scan test- 
ing, one or more transmit register chains would be 
enabled, and one or more receive register chains 
would be enabled, where the receive register 
chains are for inputs that are interconnected with 
outputs assodated with the enabled »ismit regis- 
ter chains. 

Referring in particular to RG. 1. each transmit 
cell 10 includes a three-state output buffer 11 
which has its output connected to an associated 



device outcut pin 30. The input to the Jhree-staxe 
buffer 11 is provided by a 2-to-t multiplexer 13 
whose inputs Iridude a test control signal TEST 
and a device output signai OUT. The multiplexer 
s 13 is controlled by a lest mode ccntrol signai 
TMCOE. 

The three-state buffer 11 is contrcUed by the 
output of an AND gate 15 'which has an Inverting 
input that receives a globai dsable signai GO. A 
TO further input to the AND gale 15 is provided by an 
OR gate 17 which has an inverting input that re- 
ceives the Q output of a scan ffip-flop 19. The 
other input to the OR gate is provided by the test 
cortrcl signal TEST. The input to the scan ffip-flop 

19 19 is provided by the Q output of a scan f!ip-fIop 
prior in sequence in the scan chain in which the 
scan ffip-flop 19 is Implemented or by the external 
serial input to the scan chain. The output of the 
scan fRp-flo{3 19 is provided to the scan fTip-flop 

20 next in sequence in the scan chain or to the serial 
output of the scan chain. 

For normal device operation (i.e.. where the 
output of the buffer coffesconds to the device 
output signai) the muitipiexer is contrciled to pro- 
25 vide the device output OUT to the buffer which is 
enabled by GO being tow and TEST being high. 

Referring in particjiar to RG. Z eadi receive 
cefl 20 indudes an input buffer 51 whose input is 
connected to the associated device input pin 40 
30 and also to ore terminal of a hold-up resistor S3 
which has its otiier terminal conrtected to an appro- 
priate voltage Vco. Altematively. a hold-up cjrrent 
source could be utilized in place of the hold-up 
resistor. Tne output of the input buffer 51 is pro- 
as vided to interior logic in the device and as an input 
to a 2-to-1 multiplexer 55 whidi is controlled by a 
test mode control signal SCAN MODE and which 
has its output connedad to a scan flip-flop 57 . The 
other input to muitipiexer 55 is provided by the Q 
40 output of a scan flip-flop prior in sequence or by 
the Input to the scan chain in whidi the scan ffip- 
flop 57 Is implemented. The Q output of ti^e scan 
ffip-flop 57 is orovided to the scan flip-flop next in 
sequence in the scan chain or to the serial output 
45 of the scan chain. 

In accondance with conventional logic crcjit 
designs. Including CMOS logic circuits, the logical 
state of the input to the input buffer will be as 
follows as a result of the hold.up resistor which by 
so way of illustrative example for CMOS logic circuits 
can be about 100 kilo ohms. Tne input will be high 
if driven high, and it will be low if driven low. If the 
input is driven high, it will remain high if subse- 
quentiy driven with a disabled driver (ua.. one 
S5 which is in the high impedance state). If the con- 
nection to the incut pin is open, the input will pull 
high on apclicaticn of povrer to the circuit device, 
and then rerr.ain high. In other words, the input to 
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*9 buffer must be driven low in order vo rnaintain a 
low logtcai level. 

In oceranon, tf:e interccnnecicns ieween d&- 
vices are tested by seieciveiy toacing a sequence 
of test patterns into the scan fOp-flops of a plurality 
of transmit calls. Pursuant to eacn sariaily loaded 
partem, the device outputs associated with ttie 
transmit cells ccmaining the test pattern are driven 
pursuant the particular loaded pattern, and the sig- 
nals at device input pins of seieced receive cells 
are stcred and then scanned out for analysis, for 
example pursuant to well known boundar/ scan 
techniques. It should be appredated that input 
scanning of a test pattern into transmit scan calls 
can occur simultaneously with the output scanning 
of test results from receive scan cells: Depending 
upon impiementaticn and the nature of the inter- 
connections being tested, one or more transmit 
scan chains can be operated concurrently and one 
or more receive scan chains can be operated con- 
currently. 

Referring now to RG. 3, set forrh therein is a 
timing diagram illustrating the pertinent signals of a 
transmit scan chain and a receive scan chain which 
are enabled for bcundar/ scan testing of intercon- 
nect between the device outputs associated wth 
the transmit scan chain and device incuts asso- 
ciated with the receive scan chain. Tna timing 
diagram illustrates one test cycle and shows the 
signals fcr two transmit ceils in order to illustrate 
the operation of a transmit cell for the scanned in 
test values of 0 and 1. It should be appreciated that 
ail of the transmit cells in a scan chain are decked 
and controlled in parallel, as are ail of the receive 
ceils in a scan chain. 

The test mode control signal TMOOE to the 
multiplexers 13 is at the level whereby the mul- 
tiplexer output corresponds to the test control sig- 
nal TEST. At the dock transition T1. TEST transi- 
tions to a high logic level, the Q outputs of the 
scan registers 1 9 do not change (and are immate- 
rial), and the global disable signal GO transitions to 
low. P'jrsuant to the TEST being high and GO 
being low, the three-state buffers 1 1 of the transmit 
cells are enabled and respectively provides high 
outputs. At the dock transition T2. TEST remains 
high, the scan registers 19 are controlled to op- 
erate in the serial mode so that test data can be 
scanned In. the scan registers 57 of the receive 
cells are controlled so that they operates in the 
serial mode so that any result data can be scanned 
out. and the global disable signal GO is transitioned 
high. As a result of the global disable signal GO 
transitioning high, the three-state buffers 11 are 
disabled and their outputs change to the high im- 
pedance state. During N dock transitions following 
the deck transition T2, where N is determined by 
the number of dock transitions required fcr scan- 



ning test '/alues into the scan registers 19 of 'Jie 
transmit scan dan. 

At the dodc !ransit!cn TN-^2, TEST is tran- 
sitioned low, and the scan registers 19 are csn- 

5 trolled to operate in the parallel mode so as to 
provide respecive Q outputs to the rescecove OR 
gates 17. one of such outputs Q1 being shown as 
low and another Q output 02 shown as being high. 
The states of the cooespondng three-state buffers 

70 are identified as 0UT1 and 0UT2. At the dodc 
transition N-f-a. the global disable signal GO is 
transitioned low. and each of the resulting respec- 
tive states of the three-state buffers 11 depends on 
the Q output of tfte associated scan register 19. If 

15 the Q output of a scan register 19 is low. as 
represented by Ql on the timing diagrariL the 
transition of GO to low enables the three-state 
buffers 11 to provide a low output in response to 
the low level of the TEST input signal, as repre- 

20 sented by OUTI in the timing diagram. If the Q 
output of a scan register 19 is high, as recreserrted 
by 02 on the timing dagram, the three-state buffer 
1 1 remains disabled as a result of the low incut to 
the ANO gate 15 provided by the OR gate 17. 

25 Thus, the three-state buffer 11 assodated with a 
scan register 19 that ccntains a high test */alue 
remains in the high impedance state, as repre- 
sented by 0UT2 in the timing dagram. Before tt\e 
next dock transitoi, designated as TV since it 

30 marks the beginning of another test c/cle. the 
output of the receiver buffer 51 is strobed into the 
scan register 57. 

The overall operation of participating transmit 
and receive scan circuits is generally as follows. 

35 1. All interconnections under test are universally 
driven high by the three-state buffers assccated - 
with device outputs. 

2. With all de/ica outputs globally held in the 
high impedance state (where they will remain at 

40 the voltage conresponding to logical high te-. 
cause of the hold-up resistors or cun-ent sour- 
ces), the first lest pattern is scanned into the 
scan registers of the transmit cells. Aitematively. 
the device outputs can be globally held in the 

45 logical high state by maintaining the global dis- 
able signal GO low and the TEST signal high 
during while scanning. 

3. After the 5rst pattern is loaded, all three-state 
buffer outputs are globally set to the high im- 

50 pedance state and the TEST signal input to the 
disabled three-state output drivers is set to low. 

4. The global disable signal GO is then changed 
to a logical high, and the outputs of the three- 
state buffers will then either remain in the high 

55 impedance state (holding a logical high as a 
result of the eariier •prediarge") or provide a 
logical low output depending on the test pattern 
value which was loaded into the associated scan 
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register. 

5. The scan regisffifs of !he recsive calls mjw 
sample tr.e signals at the device incuts. 

6. Ail interconnecacns are again driven univer- 
saily high and the second pattern is similariy 
anciied. ^While the second partem is being 
scanned in, the recsive scan registers will typi- 
cally be scanned out 

The pattern set fua^ a group of test patterns) 
applied with the sequence just descnted may be 
among a class whia has been designed for inter- 
ccnnecticn testing. 

In acconiance wift the invention, where a pat- 
tern demands a particuiar output be high, the 
three-state buffer for that output is disabled (by 
appropriately setting the scan register), pursuant to 
which the output provides a 'soft high." Where a 
pattern demands an output be low. the three-state 
buffer for that output is enabled (by appropriatety 
setting the scan register), pursuant to which Ihe 
output of the three-state buffer is a Tiard low" as a 
result of the TEST signal being low. 

As is well known, interconnecdon test patterns 
for boundary scan testing are intended create 
cases where aaan output differs from all others at 
some time in the pattern set With this invention, if 
a "bridge" failure occurs, an expected 'soft high* 
will always be driven to a "hard low', whici unam- 
biguously indicates a bridge fault The reason for 
the hard low is that one of the output drivers is 
applying a low to the input whidi would be at a 
logical high but for the short or bridge failure. 

Interccnnecicn test pattems also assure that 
every interconnection signal is driven to both high 
and low logic levels at different times in the pattern 
set With this invention, an •open" failure always 
results in one or more inputs always reading high 
unambiguously, and therefore the absence of a low 
reading during the test always identifies an "open" 
fault Tne unambiguous logical high indicative of an 
open fault is due to the use of hold up resistors or 
current sources on the input buffers. The hold up 
resistors or cun-ent sources cause any open inputs 
to slowly pull up to the logical high state subse- 
quent to the application of power to the drcjit 
device. A finite amount of time is allowed for this 
pull up prior to initiation of testing, to assure that all 
open inputs will be observed as unambiguously 
high. 

In testing, the pattems are appfied sufficiently 
fast that precnarging is required to change inputs 
from low to high during testing so that a low-to-high 
output driver is tested: if it is inoperative, the re- 
sponse sampled immediately subsequent to a low- 
tc-'nigh transition will still be low. 

Thus, the invention causes unam.biguous high 
cr tew levels to appear at inputs during respective 
bridge (shcrt) and open failures, so fault detection 



and isolation are fully deterministic. 

The invention further ad'/antageously allows for 
detection of potentially shorted signals wherein a 
short between signals is of moderate or high resis- 
5 tence that is less than resistances of the hold up 
resistors (for instance, a •whisker" of metal be- 
tween traces mth resistance of hundreds or thou- 
sands of ohms). In the case of a potential short, an 
a)«pected 'soft high* '*in be driven to a "hard low*. 
TO which unambiguously indicates a bridge fault The 
reason for the hard low is that one of the output 
drivers is applying a low to the input which would 
be at a Icgicai high but for the potential short 

The scan crcuitr/ of the invention also pro- 
is vides ftor circait protection. In case of_bridging 
fautts, conventional methods allow the shorted dri- 
vers to contend (Ir/ to drive each other to the 
opposite state). This draws excessive current and 
is potentially damaging. Contention also occurs if 
20 test pattems are inccn-ecily written or applied, a 
common occunrenca. The invention makes conten- 
tion impossible, since all enabled three-state buff- 
ers are in the same driven logical state, and the 
remaining liree-state buffers are in the high fmced- 
25 ance state, at all times. Since any open connec- 
tions to input pins are maintained high by the hold 
up resistors or cun'ent sources, an open pin will not 
CTi^tt the input to its associated buffer to drift to an 
ambiguous level, which protects inputs from possi- 
30 ble damage due to spurious osdilations. Further as 
a result of the hold up resistors cr current sources, 
the inputs to the input buffers are advantageously 
prevented from floating. 

It is noted that the invention can also be imple- 
3S mented with reversed polarities with hold down 
resistors or cunrent sources tied to ground. Tne 
input TEST signal would be the inverse of that 
shown in FIG. 3. precnarge would be done to the 
tow state, and active signal driving during pattems 
40 could be to a hard high O-e*. a three-state buffer 
would be enabled, only if its scan flip-flop contained 
a togical high). With a hold down resistor or current 
source, the input to an input buffer that is driven 
tow would remain low if the connection to its input 
4S pin becomes open. Further, the input to an input 
buffer that is driven high will change to low if the 
connection to its input pin becomes open. 

Referring now to RG. 4, set fcrtii therein is a 

bidirectional scan cell 110 that provides the 
50 precharge function in accordance with the inven- 
tion. The scan cell 110 combines the functions of 
the scan cells 10 and 20 of FIGS, t and 2. and can 
be used tar either or both of the following func- 
tions: . . . 
55 (a) As a scan call for devica signaJs wnicn 
functionally require a bidirectional t/0 pin. 
(b) For bidirecticnai testing, which can provide 
for easier im.plementation of interconnection 
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testing and more thorough intarcsnnecicn test- 
ing. 

Fynher as to bidrectional testing, reference is 
made to ccmmcniy assigned U.S App&aticn 
Serial No. . Improved M^fxxi Of 

Testing Interccnnecicns In Digital Systems 3y the 
Use Of BicirecticnaJ Drivers/ filed concarrently 
herewith on . and incorporated herein by 

reference: and ccmmonJy assigned U.S. Appfica- 
ticn Serial No. ■ "Fault Isolaticn Diag- 

nostics (FD)/ filed concurrently herewith on 
, and incorporated herein by reference. 
The latter application also describes a technique by 
which the buffers of a bidirectional scan cefl can be 
tested pursuant to seif-testing of the scan cel. 

Each scan ceil contains the components of the 
transmit cell 10 of FIG. 1 with the addition of an 
input buffer 51, a hold-up resistor 53, and a 2^&-1 
multiplexer S3, which provide substantially the 
same functions as corresponding elements in the 
receive ceil 20 of Fia Z The 2-to-l multiclexer is 
controlled by a SCAN MODE signal for selecting 
one of the two inputs to the multiplexer which are 
the output of the input buffer 51 and the Q output 
of the scan flip fiop prior in se<5uenca or by the 
Input to the scan chain. 

The output of the input buffer is fur*er con- 
nected to the interior logic of the crcuit device if 
the associated device pin 50 provides a device 
Input function. . The connection for interior logic to 
the input of the 2-to-l multiplexer 13 is utiBzed if 
the associated device pin SO provides a device 
output function. 

Each ceil 110 is bidirectional and can ba uti- 
lized with device inputs and outputs, and can ad- 
vantageously provide the pre-charge functions de- 
saibed above relative to the transmit cell 10 and 
the receive ceil 20. Thus, the bidirectional cells 110 
in a selected scan chain can function in the same 
manner as the transmit ceils 10 of FIG. 1. while the 
bidirectional cells 110 In another scan chain can 
function in the same manner as the receive cells 
20 of FIG. 2 by having their output buffers globally 
disabled. For the transmit funcncn. the multiplexer 
13 is controlled so that its output corresponds to 
the TEST signal, and the multiplexer 55 is ccn- 
trciled so that its output corresponds to the scan 
serial input For the receive function, the multi- 
plexer 55 is controlled so that its output corre- 
sponds to the output of the input buffer 5 1 . and the 
output buffer 11 is disabled, for example pursuant 
to the global disable signal. 

A further advantage of the bidirecticnal scan 
cell is capability of monitoring itself while transmit- 
ting a test signal on its associated I/O pin. The self- 
mcnitorad acquired values in the scan flip-fteps of 
transmitting scan cells can be scanned out and 
analyzed to detect faults in the input and output 



tftiflian. 

Th invertticn essentially contemplates the use 
a three-state output buffer and the capabifity of 
prec haig ing inputs of scan cefl input buffers to th 

s logfcai level that an input to an input buffer would 
attain, given enough time, if such input were an 
open connecicn. This allows for testing procedures 
that prodtica results having reduced ambiguity and 
errors, provitias for araat protection, and detecticn 

TO of potentially shorted signals. 

Although the foregoing has been a descriptcn 
and illustraticn of specific embodiments of the in- 
ventfcn, various modiftcaticns and changes thereto 
can be made by persons skilled in the art without 

ts departing from the scope and spirit of the invention 
as deftied by the following daims. 

Claims 

20 1. A bcundar/ scan transmit cefl (10) for use in a 
drcuit device having input^output pins (30: 40) 
for interconnection with other circuit devices, 
characterized by: 

- a scan flip-flop (19) for storing a scan 
25 input 

- a three-state buffer (1 1 ) responsive to a 
buifer input signal for providing a buf- 
fered output signal on an associated out- 
put pin (30) of the circuit device: and 

30 - control logic means responsive to said 

scan flip-flop (19) for selectively enabling 
or disabling said three-state buffer (11) 
and for providing a test signal or a de- 
vice signal as the Input signal to said 

35 ttiree-state buffer (11). 

Z The ceU of daim 1 for use in a circuit device 
having a plurality of inputToutput pins (30; 40) 
wherein each transmit scan cell (10) is asso- 
40 dated with a device output pin (30). character- 
ized by 

- said scan flip-flop (19) selectively storing 
a scan input: 

- sad three-state buffer (1 1) being respon- 
45 sive to a test signal for providing a buf- 
fered output signal on an associated de- 
vice output pin PO): and 

- said control logic being provided for 

(a) enabling said three-state buffer (11) 
50 and providing the input test signal input 

to the three-state buffer (11) at a first 
logical state so that the output of said 
three-state buffer (11) is at the first logi- 
cal state; 

55 (b) disabling said three-state buffer (11) 

to the high impedance state while a scan 
input is scanned into said scan flip-flop 
(19): 
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(c) providing me input test signaJ to said 
ttiree-staa huifor (tl) at a second logical 
stata after She scan *«iput ter the scan 
flip-ftop (19) has been scanned in; and 

(d) enabling said tfiree-5tatB buffer (11) if S 
ttie scan input scanned into said scan 
register (19) is of tte se co nd iogicai stata 

so as to cause the output of the three- 
stata buffer (11) to be at me second 
IcgicaJ state, vweretoy said ttvee-stata to 
buffer (11) fBfliains in the higii imped- 
anca stata if the scan input scanned into 
said scan registBr (19) ts of the first 
iogicai state. 

75 

X A receiva scan cell (20) for a drcuit device 
having input^output pins (30; 40) for intercon- 
nectfon with other arcail devicss, character- 
ized by: 

- an input buffer (51): » 

- holding means p3) connected to the in- 
put of said input buffer (51) for allowing 
the input to the kiput buffer (51) to be 
driven at a first or second logical state, 

and for changing the input to said incut 2S 
buffer (51) to a predetermined one of the • 
first and second togni states if the con- 
nection to the input to said input buffer 
(51) is an open connection or a high 
impedance connectzen; and so 

- a scan ffip-rlcp (ST) for controilaisiy stor- 
ing the output of said input buffer (1 1). 

4* A boundary scan cell (10; 20) characterized 
by: 3S 
• A transmit scan flip-flop (19) for storing a 
scan input 

- a three-state buffer (11) responsive to an 
Input signal for providng a buffered out- 
put signal on a device output pin (20); 40 

- an input buffer (51) having an input con- 
nected to a device input pin (40): 

- holding means (53) connected to the in- 
put of said input buffer (51) for allowing 

the input of said input buffer (51) to be 45 
driven to a first Iogicai state or a second 
logical state, and for changing the input 
to said input buffer (5 1) to the first iogicai 
state if such input is an open connection 
or a high impedance connection, said so 
holding means (53) allowing the input to 
the buffer (51) to change to the second 
togicaJ state when driven to the second 
. logical state: and 

- a receive scan flip-flop (57) for control- ss 

labiy storing the output of said input buff- 
er (51): 

- wherein the input of said input buffer (51) 



is intended to be interconnected -^th th 
output cf said three-staie buffer (n). and 
the status of such interconnecscn can b 
tasted by 

(a) enabling said three-state buffer (11) 
and providing the test input to said three- 
staia buffer (11) at a first logical state so 
that the output of said three-state buffer 
(11) is at a first logical state. 

(b) dsafafing said three-state buffer (11) 
to the high impedance state whiie a scan 
input is canned into said txansmit scan 
flipHlcp (19), 

(c) providing the test input to sard three- 
state buffer (11) at the seccnd logical 
state after the scan input for the transmit 
scan flip-flop (19) has been scanned in, 
and 

(d) enabling said three-state buffer (1 1) if 
the scan input scanned into said scan 
register is at the second logical state so 
as to causa the output of the *iiree-stata 
buffer to be at the seccnd Icgicai state, 
whereby said three-state buffer (11) re- 
mains in -he high impedance state if tha 
scan input is cf the first iogicai state. 

5. A boundary scan circjit cell (10: 20) for use in 
a scan chain in a device having a plurality of 
input^output (I/O) pins (30: 40) wherein each 
scan ceil (10; 20) is associated with a specific 
I/O pin (30: 40), c'^aracterizsd by: 

- input buffering means (51) resccnsive to 
signals applied to the associated I/O pin 
(40) for providing a buffered input signal; 

- input storage means (57) responsive to" 
said buffered input signal and to a scan 
input for cantrollably storing the buffered 
input signal or a scan input signal: 

- a three-state output buffer (11) respon- 
sive to a test input for providing a buf- 
fered output signal on the associated I/O 
pin (30) of the drcuit device: and 

• control logic means responsive to said 
scan flip-flop and to the test input for 
selectively enabling or disabling said 
three-state buffer (11). 
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